Radioimmunological techniques were applied to the quantitation of the translational products of the gag, pol, and env genes of mammalian type C viruses. Analysis of the viral proteins associated with simian sarcoma-associated virus (SSAV) and SSAV-infected cells revealed in each that the level of reverse transcriptase was less than 1% of that of the major viral structural protein, p30. The rate of intracellular degradation of reverse transcriptase in SSAV-infected cells was found to be no greater than that of several viral structural proteins, indicating that the lower levels of viral enzyme resulted from its decreased synthesis. By screening individual cells infected at limiting SSAV dilution, it was possible to isolate a clone (clone 16), which demonstrated levels of viral p12, p30, and gp7O similar to those found in wild-type SSAV-infected cells, and which released noninfectious virions in large quantity. The noninfectious virions and clone 16 cells were shown to lack immunologically or enzymologically detectable reverse transcriptase. With serial passage of clone 16 cells, reverse transcriptase activity became spontaneously detectable in tissue culture fluids, concomitant with the appearance of infectious virus. The reverse transcriptase associated with this virus was indistinguishable from SSAV polymerase, indicating that the genetic alteration restricting SSAV pol gene expression in clone 16 cells was reversible. These results further demonstrate the strict requirement of reverse transcriptase for establishment of type C virus infection. Possible mechanisms to account for the patterns of type C viral gene expression detected in SSAVinfected cells are discussed.
Radioimmunological techniques were applied to the quantitation of the translational products of the gag, pol, and env genes of mammalian type C viruses. Analysis of the viral proteins associated with simian sarcoma-associated virus (SSAV) and SSAV-infected cells revealed in each that the level of reverse transcriptase was less than 1% of that of the major viral structural protein, p30. The rate of intracellular degradation of reverse transcriptase in SSAV-infected cells was found to be no greater than that of several viral structural proteins, indicating that the lower levels of viral enzyme resulted from its decreased synthesis. By screening individual cells infected at limiting SSAV dilution, it was possible to isolate a clone (clone 16), which demonstrated levels of viral p12, p30, and gp7O similar to those found in wild-type SSAV-infected cells, and which released noninfectious virions in large quantity. The noninfectious virions and clone 16 cells were shown to lack immunologically or enzymologically detectable reverse transcriptase. With serial passage of clone 16 cells, reverse transcriptase activity became spontaneously detectable in tissue culture fluids, concomitant with the appearance of infectious virus. The reverse transcriptase associated with this virus was indistinguishable from SSAV polymerase, indicating that the genetic alteration restricting SSAV pol gene expression in clone 16 cells was reversible. These results further demonstrate the strict requirement of reverse transcriptase for establishment of type C virus infection. Possible mechanisms to account for the patterns of type C viral gene expression detected in SSAVinfected cells are discussed.
The genome of RNA type C leukemia viruses is a diploid 35S single-stranded RNA molecule (2, (4) (5) (6) 30) , in which three genes, gag, pol, and env, have so far been defined (1) . The gag gene of mammalian type C viruses codes for the viral structural proteins, p30, p15, p12, and plO (3) . The final products of the env and pol genes are, respectively, the envelope glycoprotein (gp7O) and the viral reverse transcriptase. There is accumulating evidence that the translation of both gag and env genes is mediated through precursor polypeptides (3, 7, 14, 15, 17, 20, 22, 26) , although the regulatory processes involved in viral gene translation remain unresolved.
Analysis of the levels of different virus-coded proteins in type C virions has indicated substantially lower amounts of reverse transcriptase as opposed to either gag or env gene products (12, 18) . Furthermore, in Rous sarcoma virus-infected cells, the steady-state level ofthe viral enzyme has been reported to be reduced when compared with those of cell-associated viral structural proteins (18) . These findings have suggested the possibility of differential synthesis of individual type C viral gene products in virus-infected cells. In the present report, the pattern of viral protein expression has been examined in simian sarcoma-associated virus (SSAV)-infected cells, and in cells infected with SSAV but defective in viral pol gene expression. The results demonstrate differential synthesis of type C viral proteins and have bearing on the question of whether the production of mammalian type C viral gene products proceeds from one, or more than one, initiation site.
MATERIALS AND METHODS
Cells and viruses. Cells were grown in Dulbecco's modification of Eagle medium supplemented with 10% calf serum in plastic petri dishes (60 by 15 mm; Falcon Plastics, Oxnard, Calif.). The cell line used, A172, was derived from a human glioblastoma (8) . SSAV has been described previously (23) .
Virion-associated reverse transcriptase assay. Tissue culture fluids of virus-producing cells were harvested and assayed for RNA-dependent DNA polymerase activity after 100-fold concentration. Reaction mixtures were incubated at 37'C for 60 labeled SSAV protein for limiting amounts of goat anti-SSAV antiserum as previously described (9, 24) . Reverse transcriptase was measured in an interspecies-specific radioimmunoassay for mammalian type C viral reverse transcriptase (12 
RESULTS
Quantitation of SSAV-coded proteins in virions and virus-infected cells. Previous studies have indicated that mouse type C viruses contain around 40 molecules of reverse transcriptase per virion (12) . In contrast, the levels of several viral structural proteins are considerably higher (16) . To determine the relative levels of gag, pol, and env gene products found in SSAV virions, detergent-disrupted virions were analyzed in double-antibody competition radioimmunoassays for p12, p30, gp7O, and reverse transcriptase. The level of immunoreactive reverse transcriptase was less than 1% of those of the gag gene products p12 and p30, and approximately 4% of the level of the env gene product, gp7O (Table 1) .
In the next series of studies, steady-state levels of different cell-associated viral antigens were measured in A172 cultures productively infected with SSAV. The amount of immunoreactive viral reverse transcriptase was less than 1% of the levels of p12, p30, or gp70 (Table  1) . Thus, the steady-state level of the pol gene product was markedly reduced when compared with the products of other type C viral genes in virus-infected cells. protein with the immunological properties of the enzyme. Moreover, as shown in Table 3 , culture fluids of clone 16 cells contained no measurable RNA-dependent DNA polymerase activity or infectious virus, whereas supernatants of the wt SSAV-infected cells catalyzed the incorporation of 825 pmol of 3[H]TTP per ml and contained infectious virus titering 105 polymerase-inducing units per ml.
The absence of immunologically detectable reverse transcriptase in clone 16 cells suggested that either the enzyme was synthesized at a markedly reduced rate, or that it was rapidly degraded after synthesis. To discriminate between these possibilities, purified wt SSAV reverse transcriptase was incubated for up to 24 h with disrupted clone 16 cells. The rate of loss of immunoreactive reverse transcriptase was found to be no greater than when the enzyme was incubated with disrupted, uninfected A172 cells (data not shown). Furthermore, superinfection of clone 16 cells with wt SSAV led to the prompt appearance of cell-associated immunoreactive reverse transcriptase and the production of infectious virions, with normal polymerase activity. Together, these results suggest that the absence of immunologically detectable reverse transcriptase in clone 16 cells was not due to rapid intracellular degradation of the viral enzyme.
The possibility that pol gene expression in clone 16 cells was temperature dependent was tested by cultivation of clone 16 NT NT <1 <100 a Virus-producing cultures were incubated at the indicated temperatures for 2 weeks. Cells were then harvested and disrupted by sonication in the presence of 1% Triton. Viral proteins present in the cell extract were quantitated by competition radioimmunoassays (9, 12, 24) . The amount of each protein measured is expressed relative to the level ofthe major viral structural protein, p30. The level of p30 in wt SSAV-infected cells was 12 ng/,ig of cellular protein, and in A172 clone 16 cells, it was 4 ng/gg under each set of conditions. b Viral particle counts were determined by electron microscopy. e RNA-dependent DNA polymerase activity was determined as described in Materials and Methods. d Infection of A172 cells was attempted at serial 10-fold dilutions with tissue culture fluids of each cell line. At 7 days, supernatant fluids were assayed for polymerase activity. The number of polymeraseinducing units per milliliter is defined as the reciprocal of the highest virus dilution at which polymerase release was detectable.
e NT, Not tested.
31 or 400C for 2 weeks before analysis of cellassociated viral antigens. There was no change in the pattern of viral proteins expressed by the cells at either temperature (Table 3) . Moreover, tissue culture fluids remained negative for reverse transcriptase activity and infectious virus release. Thus, the lesion affecting reverse transcriptase production in clone 16 cells was not temperature dependent.
To determine whether clone 16 cells released noninfectious virions, cells and tissue culture fluids were examined by electron microscopy. Not only were typical type C particles observed budding from clone 16 cells (V. Zeve and M. Gonda, personal communication), but the number of virions present in culture fluids was similar to that present in supernatants from wt SSAV-infected cells (Table 3 ). The noninfectious virus, designated 16 pol-, released by clone 16 cells was purified, concentrated, and analyzed for SSAV p30, gp7O, and reverse transcriptase by competition radioimmunoassay. As shown in Fig. 1, 16 pob virions contained levels of p30 and gp7O comparable to those present in wt SSAV. In contrast, the noninfectious virions contained no immunologically detectable reverse transcriptase, indicating a level of the enzyme less than 0.4% of that in the wt virus (Fig. 2) . (Fig. 3) . Thus, the reverse transcriptase associ- Antigens from detergent-disrupted tested at serial twofold dilutions for t compete with '25I-labeled SSAV p30 or iting amounts ofgoat anti-SSA V antis ously described (9, 24) . Reaction mixi contained 10 mM Tris (pH 7.8),15 mA Triton X-100, 1% bovine serum albumi NaCl (p30) or 300 mM NaCl (gp7O). tion ofantiserum and competing viral c at 37'C, 0.1 ng (10,000 cpm) of 125f l p30 or gp7O was added. Reactions wo bated for 3 h at 37'C and 12 h at 4°( 0.025 ml of bovine anti-goat immunog added to each tube. The resulting im tates were pelleted, and the radioactivi was counted. Recent evidence has indicated that the translation of both gag and env gene products is mediated through precursor polypeptides (3, 7, 14, 15, 17, 20, 22, 26) . However, it is not yet, known whether al virus-coded proteins are initially part of a single polyprotein precursor, or whether they are synthesized as two or more polypeptides from polycistronic, or multiple monocistronic, messages. If type C viral gene translation involved a large precursor polypeptide containing gag, pol, and env gene products, as has been suggested (14, 20) , the findings in the present study would require (i) that the pol gene information be located at the 3' terminal of the RNA message coding for the presumptive precursor, and (ii) that translational control of reverse transcriptase production must occur during the synthesis of the vast majority of, but not all, precursor molecules. Although this model cannot be excluded by the present findings, it is considered unlikely, particularly in view of emerging evidence that pol is not located at the 3' end of the genome of avian type C viruses (29) , which are similar in many respects to mammalian type C viruses. If the order of mammalian and avian type C viral genes is analogous, the present findings would be consistent either with the presence of one initiation site for gag-pol gene transcription and translational control of reverse transcriptase synthesis (10, 11, 27) or with individual initiation sites for the expression of each viral gene.
